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WIND TUNNEL TESTS OF AN 0.019-SCALE SPACE SHUTTLE

INTEGRATED VEHICLE ~2A CONFIGURATION (MODEL 14-0TS) IN THE

NASA AMES 8 X 7-FOOT UNITARY WIND TUNNEL (IA12C)

By
R. B. Hardin and R. R. Burrows
Rockwell International Space Division

ABSTRACT

This report contains information concerning a wind tunnel test of the

0.019~-scale Space Shuttle Integrated Vehicle in the Ames 8 x T-foot Uni-

tary Wind Tunnel. The test started 11 July 1973 for a total of 133 runs
and 165 charge hours. The test identification number is IA12C.

The purpose of the test was to determine the effects of cold jet gas

plumes on (1) the integrated vehicle longitudinal and lateral-directional
force data, (2) exposed wing hinge moment, (3) wing pressure distributions,
(4) orbiter MPS external pressure distributions, and (5) model base
pressures. An investigation was undertaken to determine the similarity

between solid and gaseous plumes; fluorescent oil flow visualization

studies were also conducted.

This report is published in three volumes. Volume I contains plotted
force data and tabulated 1listings of the force and nozzle pressure data.
Volume II contains plotted wing pressure data while Volume III contains

the corresponding tabulated data listing.

iid

el PP i . PP v L Aramaia soian s .. - S s e Iy NP T ey




TABLE OF CONTENTS

Page

ABSTRACT iii
INDEX OF MODSL FIGURES

INDEX OF DA’A FIGURES

NOMENCLATURE

CONFIGURATIONS INVESTIGATED
TEST FACILITY DESCRIPTION
DATA REDUCTION

TABLES
I. TEST CONDITIONS
i1. COLLATION LNFORMATION

a. Data Set/Run Number Summary -
Force and Wing Pressure Data

b. Nozzle Pressure Collation

¢. Data Set/Run Number Summary -
Nozzle Pressure Data

ITI, MODEL COMPONENT DIMENSIONAL DATA
FIGURES
MODEL
LATA
Force Data (See Volume I)
Wing Pressure Data
APPENDICES
TABULATED SOURCE DATA
Force Data (See Volume I)
Nozzle Pressure Data (See Volume I)

Wing Precsure Data (See Volume III)

P T D T N T R e



g o

S e s e e

INDEX OF MODEL FIGURES

AXIS SYSTEMS

General

Angles of attack and incidence definegq

Elevon and rudder deflection angles defined

Wing hinge moment data reducticn dimensions defined
Gimbal planes and sign conventions

Nozzle gimbal angle

MODEL SKETCHES

Ascent vehicle configuration

2A orbiter configurations, O, and 0

1 2
Basic 2A fuselage with body flap, B

10

Orbiter base and cavity pressure tap locations
Body flap, Fh

OMS pod configuration, M3

OMS pod base stetic pressure tap locations
Basic nozzle dimensions

Nozzles N9 and N10 .

Orbiter nozzle, NlO’ preéssure oritfice locations
Nozzle N1g. internal contour

Nozzle, N17, internal contour

So0lid rocket motor configurations

SRM pressure tap lncations

T2
73
Th
75
76

[
78
79
80
81
82
83
84
85
86
87
88
89
90

B T




Figure

O,

External tank, TlO
EOHT pressure tap locations
Vertical tail, V5
Basic 2A wing configuration, w87

Wing pressure tap locations for right hand wing panel
MODEI, INSTALLATION PHOTOGRAPHS

Front view of launch vehicle with high pressure plumbing
Aft view of launch vehicle

Front view of second stage (SRB's off)

Aft view of second stage (SRB's off)

97
98
99




SOT38T19338I8Y)

™HI-L2T TVEWID Teurpn3Tduo] uo s303J3d STIUY TeqWH JJO-I3A0d
SO0T381II3398I8Y) TBI27¥]
92T-6T1 HIMOd “TVENID uo s30933dq STIuUy TBQWI) 9TZ2Z0N Pus 3umid
SDT3STIIJ0BIBVY) TeuTPN]IBUO]
#TIT-00T YAIMOd “TVEWID uo s1093J3 STIuy TeqWTD ST[ZZON Pue aumld
HAMOd SOT38TI308IBY)
66-58 ‘U4dW¥S “¥d0 TBUTPN3TBUOT U0 S3933Jd Pnoays gyS pue aumid
gAMOd SOTISTI2308IBYD
ng-0.L ‘4dW¥S ‘440 TBUTPN3TAUOT UO SID3JFF INQ SUIIUF I337Q40
qAMOd S213STI9308IBY) TeUIPN3TBUO] uQ
69~5S ‘4dWdS ‘¥do S3093Jd UOTIOITISQ I9PPNY PUB INQ SUTIUF 2931940
-HdIM0d SOT3ISTISLOBIBYD
nS-tn 4IRS “¥dOo TBI33%] U0 S309JJd UOTID3TJ3(C I9PPnNYy pus sumid
HIMOd S0T3STJI930BIBY) TBUTIPNIIZUC]
en-ge ‘UAWMS “ddO uo S309JJF UOT3ISTJA(Q JI3ppNy Du® Iumid
& HIMOd
3 Le-91 ‘YaMdsS “¥do SOT9STI9308IBY) TBISFE] UO §3DIJJT 9IS aumid
|
| HIMOd
: ST-T ‘YdWHES “Y¥dO v SOT3STI9308IBY) TBUTIPNITIUOT UO S3DV3JFY SIS Sunlg
(I TWNTOA) VIVA JO™Od
SEOVd DNIAHVA TINATHOS TILIL
Lol SNOILIQNOD INFIDIALHOD
3 S@ENDId Vivd 40 XIGNT
o -,‘vt,
=r R i




b ZL1-1€  9dMOd 8RS ‘udO 5 Wo3300 FUIN -
9E-T  ¥EMOd ¥dWMS *¥dO 9 dog, Butm -
UOTINQTIISTQ S4NSSAId BUTM UQ 39933 9ZTS Sumld

- (I1 JUYIOA) VIVA FUNSSAHd ONIM

HIMOd $0738119398I8Y)
912-602 4aWIS ©¥dO g TBI23®] UQ POYISK UOTIBINWIS Sumld JO 393333
HAMO SOT35TI9398I8Y)
: 802-66T ‘HAWHS ©¥dO v TEUTPN318UOT UO POYIRH UOTIBTNWIS 2umld JO 393333
W §073STI9308I8Y) [8I23¥]
w g6T-S6T HAMOd € ¥dO g uQ $3993JF 3NQ SUIFUF I237QI0 9BEIS PUOIIS
H SOT3STI930BIBY) TRUTPNI TFUOT
R6T-06T *DIINOD “HAMOd v uQ $399331 3NQ SUTBUF I937QI0 9PBIS PUODIg
[Ya)
$273STI9398I8Y)
68T-28T *DLINOD “4IMOd g Te1239] U0 S303JJF UOT3ISOd €S PU® Imnld
w S2T38 12239818
m 18T-2LT * DIINOD “HAMOd v TeUTPN3TSUOT UC §3993JF UOT3TSOd GYS PUe Swnlg
: S3T38TI9309BIBY)
TLT-19T * HTINOD “9AMOd g Te129¥] UO $3093J3 UOIBWSTH SunTd €YS
SOT3STI9398IBYD
£9T-4ST *DTINOD “4IMOd v TeUTPN3T8UOT UO S309JJF UOIBWSTH ounld €HS
82138 TI93o8IVY)
£ST-2HT TVEWID q T®a33®] UO $30933F 9TFUY [eqWIH JJO-I9mOd
Sabva DNIXHVA TINGIHOS TIIIT -
IoTd SNOIIIANOD  INFAIOIJJHOD

(PonuT3uc)) SAUMOId VIVd 40 XBANI |




AW Ry e e S 2 Rt L e

"DIANOD ‘HIMOd

9LG-T4S ‘4dWgs ‘udo o mojjog Juiy -
*HIJINOD ©HIMOd
ons-5$0s ‘¥dWdS “¥do 0 doj, Butm -
uoTINQIIISIq
3INssadd JuUIM UQ S3IV3JIE YOIBWSTW 2unld €4S
70SG-TSn TVEWID 0 wo33og JurM -
05-L6¢E TYEVIo 0 dog Butm -
uoTINQIIISTJ JINSsaxJd
JutM uQ $309J3F ATIUY TBQUID STZZON JJO—-I9m0]
96£-EHE TVEWID “¥dIMOd 0 mojjog Fulm -
cnE-6g2 TVERID “YIMOd o dog, ButM -
QINS TS
w.c..nB uo mu.om.wfwm w.ﬂmrl.w TRAETL ST220 TUL ST
g32-6€e  WIMOd ‘¥dWMS “HdOo 0 mo3jog JUIM -
HEC-T18T JIMO4 “MAWMS “ddO o dog Suiy -
UOTATATSLE LT
3InssdId ULy UQ S299IJT PNOJYS €4S TU9e 0mnld
0QT-L2T YZEMOd ‘¥dWYS ‘H¥dO o} mo330g JuiM -
9CT-€L  HIMOd ‘YIS ‘d¥do o) doj Futm -
uotrynqiarsiyg
aanssaxg JuiM uQ s$3o93JT ANQ [UTIUF I1231QI0
SEOYd ONIXYYA T1NTIHOS dLLIL
Lo1d SNOIIIONOD INHIDILIFOD

(penuUT3UO)) SHUNOIA VIVA 40 XAANI




(1 =urqop) g xrpuaddy 39g -"wmroy pajzjord ut xsadde jou op wjlep aumssaad arzzog

3/X *sA O :(0)

*e3wp I83Y3 Jo BUIISIT 203

NXD °*SA XD WID *sa 1O

§ *SA NXD ‘740 X0 :(€)

© °8A WIO ‘HO ‘dvD ‘4VD :(V;

STINAIHOS LRITIOIALI00

YAMOd
96 L-12L ‘4dWES “¥dO o) mojjog Jugm -
Hamod
02L-589 “Y4dWMS “¥dO 0 doy Buim -
20FINQTIISId
sanssalgd JurM UO POYIIN UOTIBTNWIS sumld JO 3I0333F
*HIINOD
n89-1.99 ‘Md0 *uEMOd o} wojjog BuiM -
*DIJINOD
999-6%9 ‘¥d0 ‘¥dAMOd o} dol Buim -
uoTINQIIISIY IInesaag
JuiM uUo S39JJF INO-IUTBUL X337Qx0 ¥BeIS PUODIS
*HIANCD “¥HMOd
8n9-t19 ‘4dW¥s ‘¥40 0 wojjog Buim -
*DIANOO “HAMOd
219-LLS ‘4dWdS ‘¥d0 0 doy, Butm -
uoyIINQIII8Iq
aamssaxd Buin uo 303JJ% UOTITEOd HYS puw Iuwnid
SIovd ONIKUVA T1NAIHOS TILIL
1014 SNOT IIANOO INAIOTLIIO0

1 330K

(pepniouo)) SAUNOIJ VIVA 40 XACNI




H
H
NOMENCLATURE ,'3
CGeneral
SADSAC
SIMBOL SYMBOL DEFINITION
s speed of sound; m/sec, ft/sec
Cp cp pressure coefficient; (p; - po)/q
_ M MACH Mach number; V/a
i ,
: p pressure; N/m°, psf i
q Q(NSM) dynamic pressure; 1/2pV°, N/m°, psf
Q(PsF)
RN/L RN/L unit Reynolds number; per m, per ft
f
; v velocity; m/sec, ft/sec
; o ALPHA angle of attack, degrees
; B BETA angle of sideslip, degrees
E 77 PSI angle of yaw, degrees
¢ PRI angle of roll, degrees
p mass density; kg/m3, slugs/ft3
( Reference & C.G. Definitions
Ab base ares; m?, Ct-
b BREF wing span or reference span; m, ft
Cofe center of gravity
‘R!.'r’ LREF reference length or wing mean
P nerodynsmic chord; m, ft
s SREF wing ares or reference ares; m"\', ree
, MRP moment reference point
! XMRP momenit. referencs point on X exis
{ YMRP moment reference point on Y axis
ZMRP moment reference polnt on 2 nxis
SUBSCRIPTS
i b Peer e
g 1 loeal
s stati s conditions
t totsl conditions
]

Spee ctyeam
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NOMENCLATURE (Continued)
Body-Axis System
SADCAC
SYMBOL OYMBOL DEFINITION
Cx CN normal-force coefficient: M‘EP_"ES
g
Ca CA axisl-torce coefficient; "xiul force
a5
Cy cY side-force coefficient; Side force
(IS
cAb CAB base-foree coefficient; 2ase foree
as
-AplPy - Po)/15 :
C/\f CAF forebody axinl force coefficient, Cp - C%
Cn CIM pltchir,-moment coefficient; pltching momen.
SIRE,
Cn CYN ymuing-moment contficient; Yewing moment
qSE
cy CBL rolling-moment coetficirnt; rolling momer:t
b
Stability-Axi: System
CL CL 11t coeftlcient; ure
13
Cp D arng corfticient; 4rig
ls
Cry, DB buse-drag coetflefent; BASC_drig
e
‘:Dl' “pr forebody dreay coetficient: Cp - (‘.‘%
Cy CY slde-force voefrictent; -idu rore.
e
Cr CIM pitching-mom:nt coeffyclent; ELtching mom nv
Tlegr
C, CLN youlng-rioment. coefficlent; Z.”_‘i_"w.“;:“_
17D
f oo rolliny-moment coefficlent: wﬁ
b
i
L/p L/ LLfe-to-try ratio; Cp/Cp
L/op L/DF LIt o forebody drag ratio; p/cp,
9
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NOMENCLATURE (Continued)

ADDITIONS TO STANDARD NOMENCLATURE

Symbol Description
, AbacPs ' Attitude contiol propulsion system base area,
1 ft© (total for two)
AbEOHT External tank total base area (cavity plus
model base), fc2
AboMms Base area of orbital maneuvering system (minus
A projected area of OMS nozzle), ft2 (total for two)
3 AboMsSN Nozzle exit area of OMS, £t2 (total for two)
£ AboRrp Total orbiter base area (minus projected exit
area of rJ nozzles), ft?
AbgrM SRM shroud base area (minus projected nozzle
exit area), (total for two), ft
ACEOHT External tank cavity area, ft2
ACorn Orbiter cavity area, ft2
ACSRM SRM cavity area, ft2 (total for two)
ANORB Togal exit area of (3) orbiter MPS nozzles,
ft
ANSRM Total exit area of (2) SRM nozzles, ft2
a Distance from Nj gage to MRP (positive forward
of MRP), inches
bw orbiter exposed wing panel semi-span (distance

from exposed root chord to tip chord.), inches

Ce Elevon M,A.C. length, inches
Cr Rudder M.A.C. length, inches
’ CABAL Balance chord force coefficient (uncorrected).
Ay Attitude control manuevering system base
- " ACPS chord force coefficient
cAb External tank base chord force coefficient
g EOHT (based on AbEouT’
®
Cap External tank base chord force coefficient
EOHT (based on ACEOHT)
cAb Orbital maneuvering aystem base chord force
oMs coefficient,
10

it e s i AL Lt b T Ak St b el




Plot

CHEO,
CHEL

SUARE TR s

NOMENCLATURE (Continued)

Description

Orbital manuevering system nozzle base chord
force coefficient

Orbiter base chord force coefficient (based
on Abogg)
Orbiter base chord force coefficient (based
on ACogg)

SRM base chord force coefficient (based on
Abgpy)

SRM base chord force coefficient (based on

AcS RM)

External tank cavity chord force coeffi.’ent
(corrected to base pressure)

External tark cavity chord force coefficient
(based on ACEOKT and EOUT cavity pressures)

Orbiter cavity chord force coefficient
(corrected to base pressure).

Orbiter cavity chord force coefficient (based
on ACapp and orbiter cavity pressures)

SRM cavity chord force coefficient
(corrected to base pressure)

SRM cavity chord force coefficient (based on
ACSRM and SRM cavity pressures)

Orbiter nozzle chord force coefficient

SRM nozzle chord force coefficient

Ascent vehicle forebody chord force coefficient

Ascent vehicle total chord force coefficient
Ascent vehicle rolling moment coefficient

Wing bending moment coefficient about exposed
root chord

Elevon hinge moment coefficient (Subscript
denotes inboard or outboard)

11
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NOMENCLATURE (Continued) '
Plot
Symbol Symbol Description )
CHW CH, Rudder hinge moment coefficient
CEW Cu" Wing torsional moment coefficient
Cnf Ascent vehicle forebody pitching coefficient
Cmt Ascent vehicle total pitching moment coefficient
cmBAL Balance pitching moment coefficient
CN Ascent vehicle normal force coefficient
CNW CNw Normal force coefficient on one exposed wing
. panel
t |
¥ Cp( ) Wing, base, cavity, and upper MPS nozzle
pressure coefficient '
, Cy Ascent vehicle side force coefficient
{ Cyn“ Ascent vehicle yawing moment coefficient
£
§ Cu Mean aerodynamic chord of exposed wing panel
; (based on Sy), inches
§ d Distance from Nj gage to MRP (positive forward
; of MRP) inches
é e Distance from MRP to balance centerline
| (positive above MRP)
; f Distance from MRP to Y; gage (positive forward
§ of MRP)
;
{ Gp( ) Gimbal pitch angle of nozzle from null position
; (denoted by subscript), degrees
! GY( ) Gimbal yaw angle of nozzle from null position
; (denoted by subscript), degrees
1 ['3 Distance from MRP to Y2 gage (positive forward
. of MRP), inches
i Incidence angle of orbiter reference plane
with respect to EOHT reference plane, degrees
K.( ) Elevon hinge moment gage calibration factor
. (subscript denotes inboard or ocutboard)
in.=1lb/cts \
Ky Ratio of Measured to Theoretical Exit Pressure
P
pe e meas/ P‘tnu
12
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NOMENCLATURE (Continued)

Pec )

Description

Rudder hinge moment gage calibration factor,
in.-1lbs/cts

Wing gage calibration factor, in.-1b/ct where
i = gage number and j = order of K in the second
degree calibration curve fit

Longitudinal reference length, inches

Wing strain gage output (uncorrected for
interactions) in.-lbs; where 1 is the inboard
bending gage, 2 is the outboard bending gage,
and 3 is the torsion gage.

Wing strain gage output which has been cor-
rected for interactions, in.-lbs; where 1

i8 the inboard bending gage, 2 is the outboard
bending gage, and 3 1s the torsion gage.
Tunnel freestream mach number.

Wing strain gage output, raw data counts,

where 1 is the inboard bending gage, 2 {s the
outboard bending gage, and 3 is the torsion

gage.

Elevon hinge moment gage output, raw data
counts where subscript denotes inboard or
outboard pamnel.

Rudder hinge moment gage output, raw data
counts.

Moment reference point in X,Y,Z coordinates,
inches

Forward normal force gage output, pounds
Aft normal force gage output, pounds
Normal force on exposed wing panel, pounds.

Nozzle plenum total pressure denoted by a
subscript

13




NOMENCLATURE (Continued)

Symbol Description

P,( ) Nozzle exit static pressure (denoted by a
subscript), psia

P( ) Model pressure, psfa

Py Tunnel static pressure, psfa

Py Tunnel total pressure, psfa

q . Tunnel freestream dynamic pressure, psf

RPC( ) Ratio of plenum total pressure to Py, denoted
by a subscript

RP.( ) Ratio of nozzle exit static pressure to Py,
denoted by a subscript

RN Tunnel reynolds number, per foot

Se Elevon area (total one side) ft2

Se Rudder area, fe2

Sy Area of one exposed wing panel (includes glove
area), ft2

SREF Reference area, ft?

To Tunnel freestream static temperature, °R

Tr Tunnel total temperature, °R

wpi Model pressure weighting factor, either
OQorl

Xy Distance between wing bending gage m; and m2,
inches

14

.
Y T T T .




NOMENCLATURE (Continued)

Symbol Description

XcP Model station for center of pressure (Xg),
inches

XCPy Model station of exposed wing panel center
of pressure location (XT), inches

X, Orbiter longitudinal station, inches

XuL Orbiter station of exposed wing torsional
axis, inches

Xt EOHT longitudinal station, inches

Yu Spanwigse distance from the exposed wing root

chord to the m) gage (positive when m; gage
is outboard of reference station), model scale

inches

Yo Orbiter spanwise station, inches

Y Orbite: spanwise station of exposed wing root

ROOT chord, inches

YT EOHT spanwise station, inches

YCPy Orbiter spanwise station of exposed wing panel
center of pressure location, inches

szCPS Vertical distance from centroid of ACPS base
area to MRP (positive above MRP), inches

zbEOHT Vertical distance from centroid of EOHT base
area to MRP (positive above MRP), inches

Zb Vertical distance from centroid of OMS base

OMS area to MRP (positive above MRP), inches
zb Vertical distance from centroid of OMS nozzle
OMSN base area to MRP (positive above MRP), inches

zbORB Vertical distance from centroid of ORB base
area to MRP (positive above MRP), inches

ZbSRM Vertical distance from centroid of SRM base
area to MRP (positive above MRP), inches

15
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NOMENCLATURE (Continued)

Symbol

ZCEOHT

ZCgpym

ZNorg

ZNgpyM

A
ot

Description

Vertical distance from centroid of EOHT cavity
area to MRP (positive above MRP), inches

Vertical distance from centroid of orbiter
cavity area to MRP (positive above MRP),
inches

Vertical distance from centroid of SRM cavity
area to MRP (positive above MRP), inches

Vertical distance from centroid of orbiter
nozzle exit area to .MRP (positive above MRP),
inches

Vertical distance from centroid of SRM nozzle
exit area to MRP (positive above MRP), inches

Rﬁdder deflection, degrees

First order interaction for wing bending and
torsion gages. (1) denotes first order term
in a 2nd degree curve fit, (2) denotes second
order term in a 2nd degree curve fit

Ascent vehicle angle of attack and side slip
respectively, degrees ’

16




NOMENCLATURE (Continued)

Subscripts Description
a aileron
ACPS attitude control propulsion system
e elevon
EOHT external oxygen hydrogen tank
1 inboard
L Left
0 outboard
OMS orbital maneuvering svstem
OMSN orbital maneuvering system nozzle
ORB Orbiter
r Rudder
R Right
SRM .. Solid Rocket Motor
T Total
w wing
1 Top MPS nozzle
2 Left MPS nozzle
3 Right MPS nozzle
4 Left SRM nozzle
5 Right SRM nozzle
17
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Symbol
OFR

SRMPR

MPSRA

POWER

X/D

RUDDER

GIMBAL

NOMENCLATURE (Concluded)

Description

Ratio of orbiter chamter pressure {P,) to freestream
total pressure

Ratio of SRM nozzle exit pressure (Pe) to freestream
total pressure

Orbiter MPS nozzle rotation angle (same as 8,), deg.

ON: indicates gaseous plumes are being generated
OFF: 1indicates gaseous plumes are not being generated

Ratio of the distance forward of the nozzle exit to the
internal diameter of the nozzle exit

Rudder deflection, deg.

Radial angle on MPS nozzles with ¢ = 0° on top, ¢ = 90° on
the right side, ¢ = 180° on bottom, and ¢ = 270° on left
side, looking forward, deg.

Rotation ungle of MPS nozzles in ball sockets (clockwise
rotation as looking forward is positive), deg.

GIMBAL = 1.0 (GP1 = GY1 = 0%, GY2 = -3,5°, GY3 = +3.5°)

GIMBAL = 2.0 (GP1 = +11°, GY1 = GY2 = GY3 = -9°)

GIMBAL = 3.0 (GP1 = GP2 = GP3 = +11°, GY2 = -3.5°,
GY3 = +3.5%°, GPL = GP5 = +7.0°)

GIMBAL = 4.0 (GP1 = -11°, GP2 = GP3 = -8°, GY2 = -3.5°,
GY3 = +3.5°, GP4 = GP5 = ~7°)

18
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CONFIGURATIONS INVESTIGATED

The model tested was an 0,019-scale representation of the NASA/
Rockwell configuration of the integrated space shuttle vehicle. The model
had the capability of cold Jet simulation of the jet pPlumes generated from
the SRM and MPS nozzles.'

The -2A configuration orbiter was rigidly attached to the EOHT at 0°
incidence with respect to the EOHT centerline. The orbiter MPS nozzles
vere attached to the non-metric air supply system. Each nozzle could be
gimbaled +11° pitch and +9° yaw.

The orbiter righthand wing panel was instrumented with 40 static
pressure taps and the lefthand wing was instrumented with a single flexure
three-component moment balance. The elevon panels of the lefthand wing
ranel vere each instrumented with a single-component moment balance.

The vertical tail rudder had the capability of being deflected +10°,
The rudder panel was instrumented with a single-component moment balance.

The -4 configuration EOHT was mounted on a 2.5-inch sting mounted
internal balance.

Both -2A and -k configuration SRM's were available for testing. Each
SRM was rigidly attached to the EOHT with the SRM centerline on water
plane Xp = 0.0 in. and butt plane Yp = 243 in. full scale. In addltion
to the baseline position the SRM's could be shifted forward 71 in. full
scale. The SRM nozzles were attached to the non-metric air supply system

and could be gimbaled #7° in pitch and +7° in yav.

19




Solid plumes were fabricated for the three orbiter nozzles and the
two SRM nozzles with the contours simulating the Mach 3.5 gaseous plume
shape.

The orbiter hed three MPS nozzles whose individual gimbal points each
derine the origin of three separate reference systems. These reference
systems are shown in figure 1 (e¢), Positive indications of gimbal pitch
and gimbal yaw are shown.

Figure 1 (f) is an enlarged view of one of these reference systems,
All three planes shown are at right angles to one another, The dashed
lines are projections of the nozzle centerline onto the pitch and yaw
planes of the reference system. (a) is the angle of pitch, either up or
down, (y) is the angle of yaw, either right or left.

Euch nozzle is physicully set to a gimbal angle of pitch and/cr yaw
by an apparatus which measures (¢), some radial direction in the base
plane and (y), the angle from that radial to the nozzle centerline. Trne

¢ sector is determined by (a) and (y¢):

¢ u b
270° Lo 360° 0° to +90° 0° to +90°
180° to 270" 0 to -90° 0° to +90°
90° Lo 1 80° 0° to =90° 0° to -9n°
0% to  90° 0° to +90° 0° to =90°

All test programs for this mode! use the symbol G

te, dencte Lre

P

angle that tihe centeriine of the nozzle is pitehed (up or down), uni

)




G

<

ys 8s the angle that the centerline of the nozzle is yawed (right or

left). Up and left are boih in the positive direction when leoking forwer:,

Since all ungles are defined from the nozzle nuli positicn, the

.

relationships are as follows:

(1) GP sa- Olnull
(2) GY =V - wnull ?

whore anu]l is the angle that the nozzle centerline is pitched froxn

HA

the reference system axis to null position, and wnull iz the angle t.u*

the nozzle centeriine iy yawed from the reference systen axis to nul:

position (figure 1],

‘I'he Sl and wnull are specified for each MPU nozzle in the diren-

sional data tor Ng and NlO' It should be noted here, that a side view

Of the orbiter shows Lhat the nozzle bage plate is rotated 13° from

vertical (rigure 1[e])), Therefore, the three independent nozzle reference

systems for nozzle piteh difrer from the orbitap's XO’ YO‘ ZO reference

system by o 13° yotation ungle from vertical,

The following cquntion: wepe used Lo convert nozzle pimbal angles,

@it gy Lo oy, the two ungles that the fixture uses teo duplicnte

Lhe piven angrles:

(1) tuan ¢ = :"'—m-l-l

tan u

sin ¢+ cos_¢

tun a = tan y

—
=
fad
g

~

H

: . R % ™
e i




Aso, 8 = 90° - ¥y for toe following fixture settings:

TOP NOZZLE:
AERO GETTING
Null & liring (}Y
“p = +11
G, = =11
G, = 49
G, = =9
G, = +11L,

BOTTOM LR WOZAZALL

Firing (K3.4) iy

Ul, = +11
ur = =11
\:Y = +9
“Y = QY
UP = 411,

Null ¢, =0 =

= GP =
G, = =C
y 9
= -
(;'{ = <0
G

FIXTURL CETTING

¢
OO

0°
180°
288
T1.7°
3e.5°
180°
336.5¢
193.6°
256.71°
118.3°
34, L2°

229, 4°

6
+3°

+1L°

80
9.5°
9.5°

16.5°

30
8.7°
1h,4°
12,8°
6.2°
9.7°

L,6°

Bl e S i8S




VOT'IOM. RLGHT NOZZLE

AERO SEPTING FIXTURE CETTILG

Firing (L3.5) Gy = #3.5 180° 3°
G, = *1L 23.5° 8.7°
G, = <11 166.2° 1L, L°
iy =49 2k1.8° 6.2°
Gy = =9 103,3° 12.8°
G, = *+11, Gy = -9 57.7° 1k, 7°

Hull G, = 0 = q, 130.6° L.6°

The Ames high pressure air supply was utilized for cold Jet plumes
ernnating from the orbiter MPSC und CRM nozzles. The orbiter MPG and DREM
nozzles had independent controls for separate throttling of each sycten
o nozzles. UMM paseow: mlumes covld be produced without generating
orbiter plumes but vice versa was not true, Plume shapes for variouz
Much numbers were produced by setting specific values ofPC/PT for the
orbiter nozzles umll‘e/P,P for the SKM nozzles., Listed below are the

presoure ratios used for nominal and otfenominal conditions.

ORIGINAL PAGE; I
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NOZZ L M

w

ORM 2.5

3.0
3.0

3.5

ORBITER 2.5

P /v
C (ool

1490

700
2686
2686
1440
4030

6000

987
530
14 6v
1820
1005

3090

b
LC/PT

871.21
41.08
73.13
73.13
39.20
110.0
78.66
43.L2
110.0
31.255
14,721
26,86
14,40
h1.0
23.86
13.17

51.0

* Solid plumes available for Lhis condition

The EOHT was monnted on the Ames 2,5-inch Task MK=1T11 six-component,

internal buatanee,  The mode] anple of attack was indicated by an Ames

CONDITION

nominal

U471 nominaz
nominal
nominal

.536 nominal
1.5 nominal
nominal *
.552 norinal
1.4 nominal
nominal

.471 nominal
nominal

.536 nominal
1.5 nominal
nominal #
.552 nominal

1.7 nominal

dangleometer and wngle ot sidesip was indicated by sector read-out

plus sting/balance deflections.

.
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The lefthand wing panel was instrumented with a three-component
single flexure moment balance. The elevons of the lefthand wing panel
and the rudder were each instrumented with a single flexure single-
component moment balance.

The righthand orbiter wing panel was instrumented with forty (L0)
static pressure taps. A total of sixteen (16) base and cavity taps were
installed for use in correcting chord furce measurements.

The orbiter M'S nozzles each had twelve (12) external static taps

at various radial and longitudinal locations. The nozzles were rotated

to obtain a complete pressure survey around each nozzle.




The following configuration components were tested:

Component Definition
Boc¢

Bio ody
C. Canopy

5
D,( Manipulator housing
l~'h Bsody I'lap
M, Orbital mancuvering suvsystem (OMS) pod
N8 OMS nozzles
N9 Orbiter nozzles
NJO Orbiter pressure nozzles
Nl7 ORM nouzzles M_=0.9, 1.2
le} bDRM nozzles M = 3.0, 3.5
N, LRM nozales (mismutch)
N'%O GBEM nozzles Porwerd
V. Verticeal Lall

)
R, Foelder

)
W Wity

87 ity
iul g Blevon
Xl() Transition strip
Yo SEM O (-0R)
o CEM (=i

10 bt (=i
::,H VEM (=N moyed torwoard)
it [OHT

10
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The following table summarizes integrated vehicle (0TS) configu-

rations invesligaled:

Configuration

)
(l

L‘)l

These symbols

Description
Baseline 2A orbiter

BlO C5 D7 Fl M3 8 N9 V5 R W 87 18 XlO

Baseline 2A orbiter with static taps on the three
P nozzlc

Bio (1 7 h J8 NJ,OV R w87 18 10

Came as OL with top MP3 nozzle blocked
Same as Ul with lower lefthand MP3 nozzle blocken

Baseline configuration L EOHT T10

B
aseline configuration 4 SEM SlO 18

O 15 O, shiftec in, f s S
ame & 54 hifted forward Tl in. full scale 011N3O

Same as S, nis
Same a 5, but with nmismatched SRM nozzles OlO 29

Baseline 2A SEKM S

18

are used ws o shorthand notation to designate groups

of components on the Data Set/kun Number Summary (Table Ila.).

M




TEST FACILITY DESCRIFTION

The Ames Research Center Unitary Plan Wind Tunnel 8- by 7-foot super-
sonic test circuit is a closed-return, variable-density, air-medium facility
with a 16-foot-long test section. The throat has flexible sidewalls for
control of tunnel Mach number. The 8- by T-foot tunnel uses the same
motors and compressors as the 9- by T-foot circuit.

The tunnel is capable of attai..ing Mach numbers from 2.45 to 3.50 at
Reynolds numbers from below 1.0 x 106/ft to approximately 5.0 x 106/ft.

Models are supported, in general, from stings mounted to a body-of-
revolution on a floor-to-ceiling strut system. Internal strain-gauge
balances are used for force and moment data, and pressure instrumentation
is provided.

Schlieren and shadowgraph equipment is available, as well as additional

force, moment, and stress monitoring instrumentation for specific models.

28
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DATA REDUCTION

The lefthand wing panel was instrumented with a single-flexure three
component moment balance. This balance was temperature compensated and
gave accurate measurements at all tunnel temperatures.

The two elevons on the lefthand wing panel and the rudder were each
instrumented with single component moment balances. These balances were
not temperature compensated and experienced large zero shifts during the
test. During any specific pitch or yaw run the zero shifts were negligible.
However, during a series of pitch and yaw runs the zero shifts happened
at a point that cannot be determined. The sensitivity did not change.
The tabulated data for these components (CHEI, CHEO, CHR) are presented
and should be used only for obtaining slopes of these measurements Vvs.

n or B and should not be used for defining magnitude of the moment load.

Center of pressure (XCP):

aNl + dN2

XCP = MRP (XT) - W

XCP = EOHT station, inches (model scale)
Ascent vehicle total chord force coefficiert (CAr):

T
+ + + + +
e - c A, cAc cAc cAN cAN
Ap Mg, ORB EOHT SRM ORB SRM
where:
C e '
= - +
A Ao Ay,
ORB ORB ORB
c =-c s c
Ao T TR Ay
EOHT EOHT EOHT
C _ » + C*
Ao T CAC Ay
SRM SRM SRM




and:

Cpy [Acrout
wFy \ SREF

Cpy /ACEouT
WFy SREF

Cpy [ACspy
WFy SREF

Cpy [ANspy
WF§ SREF




-

Ascent vehicle total pitching moment coefficient (CMT):

o e C * ZComs | , * ZCorp
Mp = “MpaL ~ “ACORB | treF Aborp | LREF

ZNops » ZCgouT . ZCEouT
+ CAN - CAC —1 + CAb pT—
ORB | *REF EOHT | YREF EOHT | *RCE

& ZCspm |, * Zospy| A ZNSRM]
ACgpy | LREF LREF | 'SRM | LREF

Substituting:

Zc FZN
ORB - ORB
Cip = CMpar * “Acopg {lggp ] Morn | REF ] CEOT

Zc ZN
SRM SRM
+ +C

CAcsRu [lm:r } ANspa {lam‘ ]

Forebody chord force coefficient (CAf):

—

-c -c -c
Cag = CAp = CApopg ~ “Mbrout ~ “bsRM

- Ca. -C -C
Abous ~ “Pbomsn | AbACPS

where:

¢ 5y P
Aboen | g 206 SREF
ORB I, _p01 WFil

_
Aborg

302 Cp
I, a1

Cay * - 302 s
REF
EONT I, o 301 W L

[ A
bEouT

] Lwgor b | M
Aosry

%04 SREF
L, w401 "Ft

SREF

Abousy P305

31
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Ay i
oMms \
- - C ———
Ao ons ( Pios ) [SREF]

Aaces
[ » - (c
Abaces Pos) [ SREF

Ascent vehicle forebody pitching moment (Cnf):

Zy 2y
ORB EOHT
C m C - C — - C ———————
e = S Aors [lm:r] M cout [lmap ]

- zbsm]_ B [z"ons
Aosry {IREF boMs | *REF

- Zoowsn | c Zbaces
Avomsn | treF oaces | trer

Wing, base, cavity, and upper MPS nozzle pressure coefficient (c?i):

. Py - Py
€y "\ q

Elevon hinge mom:nt (Cne):

me; Ke

q Se Ce

C"QI = (Inboard)

me , Ke
o _. 9 (outboard)

cHeO - q Se Ce

er

Cy - CHeI + Cueo

wvhere:

m' = raw cts

K = calibration factor(in.-lb/cts)

3 s ek e A ok



Rudder hinge moment (cﬂr)

Wing bending, torsion, and load CP:

. u K,
% " 98 C;

Convert raw data counts to in.-lbs: (basic slopes)

vhere:

m' = raw data cts

Kiy = calibration factor(in.-lb/ct)and i = gage number
j = order of term of second degrze curve fit

' 2
m, ~om Kll + (mi) Klz (inboard gage)

m, = m5 Ky, + (nz')2 K,y (outboard gage)

ny = "5 K31 + (ma)2 K32 (torsion gage)'

Taking interactions into account:

Meom-

r 1
ém ém
1 1 2
<6m2) m, + <6m2> (m2)
L 1 d

2

Determine loads and coefficients:

N"-

vy * T su

q Sy by

My + Y, N

33
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Determine loads and coefficients:
My

Giw = q sy Cy

W
XCPW - xHL - Cw

ng
YCP" - YROOT + a‘; by

Jet Plume Parameters (RPC( y* RPe( )):

Pc

RPG, | = 144 L2

T

Pe

Ree -1:.:.-;}-)-

3k
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e
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The following reference dimensions and constants were used:

Full Scale

28.42 £t°

572.56 ft°

16.973 rt°

25.631 ft2

226,75 ft2

512.465 £t°

183.01 ft2

366.5 ft°

302.k0 ft2

181.378 £t°

1618k £t°

219.02 ft°

363.341 in,
90.7 in,

74,4 in,

Model Scale

0.01026 ft2

0.2067 ft2

0.00613 ft

2

0.,00925 ft

0.08186 ft2

0.185 ft°

0.0661 t‘t2

0.132 ft°

0.1092 ft2

0.0654 £¢°

0.0511 ft°

0.0791 £t°

-2.783 in.
6.903 in,

1.723 in.

1.1k in,

2




Full Scale Model Scale

c, 513.47b in, 9.756 in,

d - -11.283 in,

e - 0.0 in,

f - -3.533 in.

g - -100533 il’l.

£ 1328.0 in. 25.232 in.

2]
S, 210.0 ft” per wing 0.0758 £t
pane.

8 106.38 1t° 0.0384 rt?

. : 2 2

Sy 1006.5 1t 0.363 f£t°
) D )

Sppr 2690.0 ft 0.971 rt”

"

0.5638 in,

Xy, 1150.79 in. 21.865 in,
yw - 0.1L423 in.
YROOT 105.0 in, 1.995% in,
Z 402,987 in. T.656 in.
bbACFS
Zb 0,0 0.0
uT
oy 415,505 in, 7.895 in,
QM
Zb L37.9h in, 8,321 in.
OMSHN
36
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Full Scale

310.0 in.
ZbORB
0.0
SRM
0.0
CEr
Zo 349,66 in,
ORB
7 0.0
Csnm
335.0 in.
ZNORB
VA 0.0
Nsrm

Calibration Constants

K (ORB) = 1.060

Positive Gage Output

K 26,20 in. =lb=v/mv
e

I
Ke 27.03 in, =lbev/mv

o
Kr 20,80 1n, =lb=-v/mv
Ky 63,1672 in, =lb=v/mv
Kl? 0.0
K2l 436,.8877 in., =lbev/mv
KQQ 0.0

31

Model Scale

5.89 in.

0.0

0.0

6.6L in.

0.0

6.36 in.

0.0

(SpM® = 1.122

Negative Uage Output

26,39 in. ~1lb=v/mv

27.42 in, =lbev/av

20.885 in, =1b=v/mv

L76.3954 in, =1b-v/mv
0.0

L3T.WLTL in, =1b=v/mv

0.0

i




Positive Gage Output Negative Gage Output
Kqq 539.9926 in. -1b-v/mv 538.9718 in. =1b-v/mv g
Kip 0.0 0.0
(aml/amg)l 0.0 0.0 é
(8m /amy), 0.0 0.0 |
( aml/amB)l -.010562 -.004132
(amy /am),, 0.0 0.0 zs
(amy/om, )y 0.0 0.0
(6m2/aml)2 0.0 0.0
(am2/8m3)l .014458 .018206 5
(3m2/3m3)2 0.0 0.0
( am3/aml)l 022277 .029935
(8m3/3ml)2 0.0 0.0
(amy/3my), -.031554 -.03L98 1
(omy/om,), 0.0 0.0 5
p
ORIGINAL PAGE IS
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TEST ¢ IA12C (ARC 87-710) DATE $July, 1973

TEST CONDITIONS
REYNOLDS NUMBER DYNAMIC PRESSURE  [STAGNATION TEMPERATURE
MACH NUMBER (per unit length) (pounds/sq. Tt ) | (degrees Fahrenheit)
243 2.38 x 1%/ ¢t 590 120
3.0 2,30 x 106/ fr 315 120
3.5 1,78 X 10%/ 24 249 120

BALANCE UTILIZED: 2,5-inch Tagk M{ I1J

fwd  NF 1400 1bs + .59
fwd  gF 700 1bs Y
AF 280 1bs . e
aft NP A40Q lbs + 59
aft SF Q0.1bs t cg
RM  -eQ00Q in-1Rs LRV

COMMENTS: Model was also instrumented with: elevon and rudder hinge
moment gages, wing 3-component balance, nozzle and wing pressure orifices,
and base pressures.
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TABLE III., - MODEL COMPONENT D:MENSIONAL DATA

_ MODEL COMPONENT: B10 - Body

GENERAL DESCRIPTION: Puselage, 2A Confipuration, Lirhtweipht Orbiter per

Rockwell Lines VL70-000089 "3",

Scale Model = 0.019

VL70-000089 "B

DIMENSIONS : FULL-SCALE MODEL SCALE
Length -~ in. ‘ 1328.3 25.238
Max. Width~ in. (@X, = 1528.3) . 265.0 5.035
Max. Depth ~in. (8X, = 1,80.52) 2LR.0 4.712
Fineness Ratio - 5,012 5.012
Area ~ Ft.2
Max. Cross-Sectional 564 0.164L8
Planform ~ -
Wetted - -
Base - ' -

;
3
E
‘i

R A




‘ TABLE III. - Continued.

1 MODEL COMPONENT: C5 Orbiter Canopy }
:
: GENERAL DESCRIPTION: Orbiter Canopy for Light Weipht Orbiter Coniiguration
Model Scale = 0.019
;
' DRAWING NUMBER : VL~70-000092
DIMENSIONS: FULL-SCALE MODEL SCALE
STA. FuD. Bulkhead, in 391.0 7.429

‘ STA. T.E., in 560.0 - . 10. 64U

Canopv/Body Intersaction,IN_1391.0 7.429
;. 52
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TABLE III. - Continued.

-I . MOCSL COMPONENT: D7 - Manipulator Housing

GENERAL DESCRIPTION: 2A Configuration Per Rockwell Lines VL70-000093

Scale Model = 0,019

DRAWING MUMBER: VL70<000093; SS-A-00092

DIMENSIONS : FULL-SCALE
Length ~ in. ' 821.0
Max. Width ~in. | 51.0
Max. Depth ~ in. 23.0

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted

Base

Location at:

t Fuselage BP = 0.0
WP = 500.0 INrS
Xok26.0 to X,1307.0 INFS

\

53

I

i

MODEL SCALE

16.739
.0.969
0.437




TABLE III. -~ Continued.

~ MODEL COMPONENT: ~E4 Boly Figp

GENERAL DESCRIPTION: _..r» Joir Flap Used on Lirhi Wit Crbiter JonfiFuration

Model Scale == 0.0]9

DRAWING NUMBER: VL-70-00009/ "A", S8-A-00092

DIMENSIONS : FULL-SCALE MODEL SCALE

Length . in ' _B84.70 1.609

Max. Width, in 265,060 - 5,015
Max. Depth
Fineness Ratio
Area 2

Max. Cross-Sectional

Planform 1L2.64 0.05149

Wetted - -

Rase 38.65 0.01395
5k

IR RIS I
(‘\R“k‘]’mf\!, !’f\\‘[‘l'l..
Sp o0k QUALITY.

{
e . Y

e N " _— e r R . b




;
t
i
H
}
!

TABLE III. -~ Continued.

_ MODEL COMPONENT: My - OMS POD

GENERAL DESCRIPTION: 2A Lightweight Orbiter Configuration per Ro-kwell Lines

VL70-000094 "4 "

Scale Model = 0.019

DRAWING NUMBER: VL70-00009% "A"; SS-4-00092
DIMENSIONS : FULL-SCALE MODEL SCALE
LEﬂgth ~~ in. ’ 256,0 g),i Zé
Max. Width~in. v Xo 1450.0 ' 108.0 2,052
Max. Depth~in. & X;D 1500.0 113.8 2,162
Fineness Ratio - -
Area :
Max. Cross-Sectional —_— —_—
Planform - -
Wetted - -
Rase - . -
¢ of OMS PoD

70 = 463.9 INFS: WPLWO + 63.9 = 463.9 INFS
Yo = 80.0 INFS

Length: Xo 1214.0 to X, 1560.0 = 346.0 INFS

o D a4

s ain e LR s s k p
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TABLE III. - Continued.

MODEL COMPCNENT:  NOZZIES - Ng

GENERAL DESCRIPTION: Basic OMS nozzle of configurstion 2A per Rockwell Lines

VL70-008306 and VL70-000089"B", Intersection of nozzle exit plane and

nozzle centerline at X, = 1570.75, Yo = 499.25, Zo = 507.25

MODEL SCALE = .019

DRAWING NO, VL70-008306, VL70-000089"B", SS-A00092

DIMENS IONS FULL SCALE
Mach No.
Length ~ in,

Gimbal Point to Exit Plane

Throat to Zxit Plene

Diamster~in,
Exit 50.00
Throat ' NA
Inlet ‘ 28.00

Areu ~ft‘2. /Nozzle
Exit 13.635

Throa’,

Gimbal Point (station)~in.

X 1518.,0
Y ' +88.0
z \ 492.0

Null Position~deg.

Pitch RS ANE
Yaw (Outb'd) 27
56

- 28.842

0.950
N/A

0.532

0.00493

-

1,672

9.348

- ———— apra—————

15°49!
+12°17"

. —~——— v —




TABLE III. - Continued_

MODEL COMPONENT: __NMPS NOZZLES = N9

GENERAL DESCRIPTION: _Orbiter nozzles used for cold plume simulation at M = 0.9,
1.25, 1.55, 2.0, 3.0 and 3.5. All (3) nozzles are mounted to_ball sockets

with gimbal angles of +11° pitch and 19° yaw from null.

MODEL SCALE = .019

DRAWING NO. SS-A00092; SS-A00095

DIMENSTONS FULL SCALE HMODEL SCALE

Mach No. 0.9 thru 3.5

Length~in,
Gimbal Point to Exit Plane
Throat Lo Exit Plene

Diameter ~in.

Exit 90 . 0 o — l [ 7&8
Throat 28.12%  _0.534h
Inlet 37.336 _0.709%
Ares ~ft2, /Nozzle
Exit _bb.896 00162
Throat e e
Gimbal Point (station)~in,
Upper Nozzle
X 1445.0 27.455
Y D. G c . U
Z ____m_;.._.b_ _______a.EI:
N S
Lower Noazlos 1467.9 27.890
Y 53 . U 1 . w i
Z 32,6 6310
Mull Position ~deg.
Upper Nozzle
Pitch 16° 16°
Yaw e 0°
. Lower Nozzles
Pitch 10° 10°
Yaw (outb'd) 38 VY LI

5T

B T T S T U A T WP SR LY T
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TABLE III. - Continued..

MODEL COMPONENT: __MES NOQZZLES - _N1Q

GEKERAL DESCRIPTION: Seme as N9 except each nozzle has (12) external static

pressure taps on their surfaces

—

_MODEL_SCALF,_ = 019

DRAWING NO. SS5-A00C92, SS5-A00095

DIMENS TONS FULL SCALE MODEL_SCALE

Ms.ch No,
Length~in,

Gimbal Point to Exit Plane [ ———reem

Threat to rxit Plane ————ee e P
Diameter ~in.

Exit e -

Throat ‘ [, —

Inlet [ —————
Area ~ ft.<,

Sxit ——————

Throat,

Gimbal Point (station)~in.

Upper Nozzle
X

Y o
Z — e S
lover Norzles
X e e
Y ———
Z
Null Position ~deg.
Upper Nozzle
Pitch
Yaw -

Lower Nozzles
Pitch

Yaw

—— et e s —

58
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MODEL COMPONENT:  NOZZLES - N17

TABLE III.

- Continued.

R G T B
e e s !
"

GENERAL DESCRIPTION:  BSRM Nogzle (6ny = 11°) uysed for cold jet plume simuistion

at M= ,9and 1.2 (¢

MODEL SCALE = 0.019

DRAWING NO. 55-400110

DIMENSIONS.

Mech No. .9, 1.2

Length ~ in.

Gimbal Foint Lo Fxit Plane

Throat to Exit Plane

Diameter ~in./Nozzle
kxit
Throat

Inlet
Area ~ft2, /Nozzle
Exit

Throat

Gimbal Point (atation)~in.

X
Y
Z
Mull Position~deg.,

Pitch

Yow

~141.68L
53.611

69,316

109.489

238,790
243,000

s r— ————

400,000

OO
OO

MODEL SCALE:

bdy 1439
+,.617
7.600

00

00




MODEL COMPONENT :

GENFRAL DESCRIPTION:

TABLE III.

NOZZILS - N 18

- Continued.

BSRM Nozzle (6N = 24.i4°) used for cold jet plume simulation

at M=3.0and M = 3.5
MODEL SCALE = .019
DRAWING NO. 55-A00110
DIMENS IONS FULL SCALE MODEL SCALE
Mach No. 2.5, 3.0, 3.5
Length ~ in,
Gimbal Point to Exit Plane T
Throat to Exit Plane e
Diameter~ in,
Exit bl 8L —2.692
Throat 53,611 _ 1.0186 _
Inlet 69.316 1.317
Area 'vftz. /Nozzle
Exit 109.489 0.0395
Throat
Gimbal Point {station)~in.
X 2338.790 bk 437
Y +24,3.000 +,,617
z 400.000 7.600
Nvll Position~deg.
Pitch o° o°
Yaw 0° 0°

» v ———

e

5
4
|
:
;
F
:
q
3

K:
4
‘

et an

T =)




MODEL COMPONENT:  NOZZLES - N29

pABLE 1if., - Contl..ued.

GENERAL DESCRIPTION: BSRM Nozzles mismetched on left

and right side, i.e., eft

nozzle contour and location same &s Nig and right nozzle contour and locations

same a8 N17 (£ = 7.0)

MODEL SCALE = .019

DRAWING NO. $S-A00110

DIMENS IONS

Mach No.

Length ~ in.
Gimbal Point to Exit Plane

Throat to Exit Plane

Diameter~in.
Exit
Throat

Inlet

Area ~ft2.
Fxit

Throat

Gimbal Point (station)~in.
X
Y
Z N
| Null Position ~deg.
F Pitch

You

T

FULL SCALE

- — ————————

S i e e—————

MODEL SCALE




TABLE III. - Continued.

MODEL COMPONENT: _ NOZZLES - M3g 5 J ‘
GENERAL DESCRIPTION: BSRM Nozzle same as N18 except moved forwerd 71" full scale.
Gimbal point also moved forward 71", Used for Mach No. 's 2.5, 3.0, snd 3.5
(€ =1.0)
MODEL SCALE = .019 ; j
DRAWING NO., S5-A00110 ‘ i 5
|
DIMENSIONS FULL SCALE MODEL SCALE
Mach No. 3
Length ~ in. f
Gimbal Point to Exit Plane _ s 1
Throat to Exit Plane
Diameter~in, . ;
Throat | L ;
Inlet L :
Area ~ ftz. ,
Exit o |
Throat L
Giroal Point (station)~in.
X
v —— ———————
Z B ——— ————— -
Null Position~deg.
Piteh —— o
Yow 0 e e

Y T T gl
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TABLE I1I. - Conti:ued.

MODEL CWPONENT: VERTICAL « V5 (Light Wt. Orbiter Configuration)

AR

GENE” L DESCRIPTION: __ Centerline Vertical Tajl, Doyble Wedee Adrfollidib

Rounded Leading Edge

Model Scale = 0.019

DRAWING NUMBER:

DIMENSIONS :

TOTAL DATA
Area (Theo) Fté
Planform
Span (Theo) In
Aspect Ratio
Rate of Taper
Taper Ratio
Sweep Back Angles, degrees
Leading Edge
Trailing tdge
0.25 Element Line
Cthords: Inches
Root (Theo) WP
Tip (Theo) WP
MAC
Fus, Sta. of .25 MAC
W, P, of .25 MAC
B, L. of .25 MAC
Airfoil Section
Leading Wedge Angle ~ Deg
Trailing Wedge Angle ~ Deg
Leading Edge Radius, 1N
Void Area~r- )
Blanketed Area ~Ft-

¥L-70-000095; SS-A-00092

FULL-SCALE

413.25

315.7-
TAs
T
TuwoL

L.000

26.21,9
L1.130

268, 50
108.47
5.

10.00

il

MODEL SCALE

0.1L92

0.50
0.L04

|

.000
26.2
41,136

102




TABLE III. - Continued.

MODEL COMPONENT: R5 - Rudder

GENERAL DESCRIPTION: 2A Configuration per Rockwell Lines VL 70-000095.

Scale Model = 0.019

DRAWING NUMBER: VL70-000095 §5-A00091, 92 :

DIMENSIONS : FULL-SCALE MODEL_SCALE
Area ~ p2 105.38 0.03%%
Span (equivalent)~1n 201.0 ' 3.819 E
Inb'd equivalent chord, IN 91.505 1.7,0 ﬂ
Outb'd equivalent chord 1N %),833 0.9266

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0,400 0.400
At Outb'd equiv. chord Q.400 0.400
Sweep Back Angles, degrees
Lexding Edge 34.83 .8
Tailing Edge 26.25 26.25 ‘
Hingeline 34.83 34.83 z
Area Moment (Normal to hinge line)~Ft3 _526.13 0.00361 i

(broduct of Area and Mean Chord}

" _ . " s - " —
e e e s A i e " “ e o




TABLE [TI. = Coucluded.

MODEL COMPONENT:___ WING-W 87 Lightweight Orbiter

GENERAL DESCRIPTION: Orbiter Configuration per Rockwell
"NorE: (Dihedral anglc is defined at the lower
v ,
elexent linc N
projected into a plane perpendicular tc the FRL.,

Scale Model = 0.019

TEST NO. DWG. NO. VL70-0000 -
§Sf—155691, 92
DIMENSIONS FULL-STALE MODEL SCALE
TOTAL DATA 2
rea ec,) Ft
Planform 2690.0 0.971
Span (Theo In. . 797

Aspect Ratio
Rate of Taper
Taper Ratiu

(v‘,)

LS
rafaof-

Dinedral Angle, degrees : 00
Incidence Angle, deg.ees .
Aerodynamic Twist, degrees +3.000
Sweep Back Angles, degrees
Leading Edge 45.000 45.0C0
Trailing Edge ~I0T2L -10.2],
0.25 Element Line 35.209 . 5. 209
Chords: ~ 1N
Root (Theo) B.P.0.0. 689.24 13.09¢
Tip, (Theo) B.P. 137.85 2.519
MAC _UK-B-. §.U"!
Fus. Sta, of .25 MAC ITI5.89 31,601
W.P. of .25 MAC 295. X0 L
BoLl Of 025 MAC IE!'IB aié )U
POSEL DATA
EX Om nco) Ftl 1752.29 0.633
Span, (Theo) In, BP108 220,68 13,493
Aspect natio 2.058 2,052
Taper Ratio 0.2,5) Q,2,51
Chords
Root BP108 62.4L 1Q.686
Tip 1.00 b 37.85 FNST
MAC .09 7.468
Fus. Sta, of .25 MAC 83,31 22,52
W.P. of .25 MAC ;Qg.;@ §.20h
B.L. of .25 MAC Si.76 4.783
Airfoil Sectinon (Rockwell Mod NASA)
XXXX~64
t/c wRoot % 2 0.425 0.10 3.1
e «T1P % ® 100 212 TS ¥ A
pata for (1) of (2) Sigis
Leading Edge Cu
Planfo?m A?‘ea Fel I?'.“h AT
Leading Edge Intersects Fus M. L. @ Sta tA0.0 )
Leading Edge Intersects wing @ Sta 1015.0 1 5




TABLE III. - Continued.

MODEL COMPONENT: E18 - Elevon

GENERAL DESCRIPTION: 2A Configuration Per W-87 Rockwell Lines VL70-000093

Data for (1) of (2) Sides

Scale Model = 0.019

DRAWING NUMBER: VL70-000093; SS-A-00092

DIMENSIONS: FULL-SCALE MODEL SCALE
Area _ p¢2 205.52 0.0742
Span (equivalent) ~ in. 353.34 6.713
Inb'd equivalent chord (B.P.115.0in),in __ 114.78 2.181
Outb'd equivalent chord (B.P.468.3in),in  55.00 1.ou§

Ratio movable surface chord/
totai surface chord

At Inb'd equiv. chord 0.208 0.208
U Outb'd equiv. chord 0.400 0.400

Sweep Back Angles, degrees

Leading Edge 0.00 0.00

Tailing Edge _=10.24 =10.24,

Hingeline (x0-1387" F, S ) 10.00 0.00
Area Moment (Normal to hinge line) Ft3 _ 1,5.8.07 0.01062

Product, of Area Moment
NOTE: The elevon pan:l consists of an InBD and OutBD segment. The

split line dividing Lhe segments is at B.P. 281 inches full
scale (B.P. 5.339 inches Model Scale)

66




TABLE III. - Continued.

. MODEL COMPONENT: S6 - Booster Solid Rocket Motor

GENERAL DESCRIPTION: Booster Solid Rocket Kotor (Light Weight Orbiter

Configuration) body of Revolution.

Data for 1 o* 2 sides

Model Scale = 0.019

DRAWING NUMBER: VL-72-000061 iC" ; VL~-77-000012 'R' ; S5-A-00094
DIMENSIONS : FULL-SCALE MODEL SCALE
Length (Includes Nozzle), IN ’ 1741.0 .080
Max. Width (Tank Dia.), IN ' 142.0 .2.698
Max. Depth (Aft Shroud), IN 259.0 4.921
Fineness Ratio ‘ 6.722 6.722
Area | ft< _
Max. Cross-Sectional 365.87 0.132
Planform | -
Wetted -
Base -
W.P. of BSRM Centerline, (Xy), IN 400.0
é.S..of BSRM Nose (Xt); IN —Z43.0

67
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TABLE III. - Continued.

Model Component: Solid Rocket Motor (SIO)
i General Description: Booster solid rocket motor, body of revolution
% Data for 1 of 2 sides
Model Scale = 0. 019
; Drawing Number: VL77-000039
Dimensions: _F'ull-Scale Model Scale
Length (includes nozzle), in. _1741,0 33, 080
a Max width (diameter), in, _142,0 2, 698
Max depth (aft shroud 192, 0 ) 3, 648
! d.iafneter), in,
a Fineness ratio 9,0677 9,0677
Area -~ ft2
[ Max cross-sectional 201,062 _ - 0.0726
i Planform
Wetted |
f Base i
WP of BSRM centerline, 400, 0 7. 600
(XT)' in,
FS of BSRM nose, (X,), in. __ 743.0 14,117
68
b




TABLE III, - Continued.

Model Component: Solid Rocket Motor (S“)

General Description: Booster sol

id rocket motor; body of revolution; data
for 1 of 2 sides.

(See Figure 11.) Same as Sm except shifted forward ‘ ‘
71. 0 inches full scale,

Model Scale = 0,019 j

Drawing Number: VL77-0000 39

Dimensions: Full-Scale Model Scale
Length (includes nozzle), in. _1741,0 33,080 j
Max width (diameter) in. 142, 0 2, 698 ‘ '?
Max depth (aft shroud, dia)in._ 1920 ' 3, 648
Fineness ratio 9.0677 9.0677
Area ~ fté

Max cross-sectional 201, 062. 0.0726

Planform ,

Wetted

Base :
WP of BSRM centerline, ' : ;‘
(X7T), in, 400, 0 7. 600
FS of BSRM nose (X7), in. 672, 0 12, 768 |

PRI R e L0 W
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 MODEL COMPONENT:

GENERAL DESCRIPTION:

TABLE III. - Continued.

710 External Tank

External Oxygen Hydrogen Tank

Configuration to which the Orbiter and the Two Solid Rocket Motors attach

" Body of revolution

Model Scale = 0.019

DRAWING NUMBER:  VL-70-000088 VI~78-000041
DIMENSIONS : FULL-SCALE MODEL SCALE
Length, IN (Nose @ X, = 309.0) 1865.0 35.435
Max. Width (Dia.), IN 32, .0 6.156
Max. Depth h - i}
Fineness Ratio 5.75617 _S5.75617
Area Ft?
Mai;. Cross-Sectional 572.56 0.2067
Planform | | - -
Wetted _ -
. Dase - ' -

' .‘I.W.P. of Tank Centerline, (Xt) ‘IN -__400.0 7.600 :
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Figure 1 - Continued,
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VERTICAL TAIL PLANE OF SYMM,
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(TOP VIEW) R
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Rudder Deflection kngle (6¢) Defined
WING REF., PLANE
W,
+Cy e % J/
e L L4N ~
¢ b

c. Elevon Deflection Angle (8g) Defined

Figure 1 - Continued,
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Nozzle Pitch Plane

Y v //
/
»o\ /) nozzif
- %
gziter ;I::z;fane ' +V /
Body\\>r ‘//‘
K

Line
Perpendicular
to Orbiter
Water Plane
\

1.: Upper MPS Nozzle
Gimbal Point

2.: Bottom=Left MpP_
Nozzle Cimbal Point

3.: BottomeRight MPS
Notzle Gimbal Point

Figure le. Gimbal Plenes and Sign Ccaventions

-
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This plane is parallel to the
nozzle base plate. All gimbal
angles are set and measured

vith reference to this =0
plane,

Nozzle Pitch
Plane (shaded)

¢ = 180°

Figure 1f. Nc2zle Gimbal Angle Defined

e i ki .. o o

Nozzle Yaw Plane
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265.00 in,

220.00 in.

1

1

oty 84,70 in, ——em=

i

21.00 in |

T o, ¥} - Body Flap 3.20 in.

Figure 2, -~ Continued.
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Figure 2. - Continued.

83

F
.
P T VT T VI, P o g Ty s i e




h.  BASIC NOZZLE DIMENSIONS

Fipgure .. - Centinued.




SKETCH

NOTB:

DIMENSIONS ARE INCHES
MODEL SCALE

2.1178

84

1 Fovane
0.2003
olo. 3547 “7[‘" 2.0192
2 |
=
Q 2.2239 p.2003 “1{‘
-
=
= 0.3759 ___&‘
[ ] A
=] ]'
4
g 0.2977 0.2672 0.2931
" -0.0212 ] 0.4675
5 0.4675
2.4231
' ' TR v
X - INCHES FORWARD OF EXIT PLANE
P X/r* r/r* X/x* r/rc* T
0 3.2257 (EXIT PLANE . 3.6999 2.5393
0.1097 3.2107 3.9169 2.4828
0.3365 3.1793 4.0378 2.4525
0.5879 3.1430 4.1718 2.4165
0.8660 3.1010 4.3215 2.3754
1.0101 3.0786 4.4862 2.3286
1.3342 3.0258 4.6980 2.2665
1.6437 2.9727 4.8990 2.2055
1.8428 2.9368 5.0303 2.1639
2.0992 2.8892 5.1969 2.1104
2.2421 2.8615 5.3945 2.0442
2.4012 2.8301 3.6396 1.9585
2.5782 2.7942 5.7846 1.9053
2.7743 2.7530 5.9188 1.8552
2.9918 2.7058 6.1246 1.7754
2.1995 2.6591 6.3593 1.6796
2.4008 2.6123 6.5565 1.5954
3.5307 2.5808 6.7013 1.5307
6.9143 1.4215
7.1815 1.7665
7.2455 1.2665
7.4502 1.1568
7.5569 1.0969
Prigure ", (Cont'd)
i. Nozzles N9 and "10

EXIT PLANE

R T

P R T
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B T T ey

r'd
~
e i e e e e el b e e S .

§ 4 L p—» ¢+X
! 24 13 \ 25_L !
; 23 15 35 27 ,
’2
22 { 16 134~ + : — 28
BOTTOM BOTTOM !
LEFT RIGHT
2 ~17 33/ ~29
/ \
32 30
18 31 3
- NOTES:
19 .
e D = 71.0" 3
P TAP ;
(DEG) X/o NO. Dr/Pavg
0 .058 1,13,25 1.2817
i
30 .928 2,14,26 .6789 ;§
60 .753 3,15,27 .8592 :
90 .580 4,16, 28 1.0141 %
120 .406 5,17,29 1.1479
1%¢ .232 $5,18,30 l1.2324
180 .058 7,19,31 1.2817
210 .928 8,20,32 .6789
240 .753 2,211,313 .8592
270 .580 10,22,34 1.0141
300 .406 11,23, 35 1.1479
330 L2332 2,249,336 l.232¢
Jo Orbiter Novole, o Yressure OriCicoe ITocations
Pigure 2, = Continued.
&—a‘n.ﬁmmm_nl e o m Lt am to e e el il e i oo




N S Y

NOTE: @DIMENSIONS FOR MODEL SRM
NOZZLE TO SIMULATE M = 3.0,
3.5 CONDITIONS
¢ SCALE: 0.019

@ ALL DIMENSIONS IN INCHES

r—— 24.4°

TANGENCY POINT

1.346
0.88711

rigure -, (Cont'd)
k. Nozzle, le. Internal Contour
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303,304
(Baianes cuqmeee)

EOHT Pressure Tap Locations

Mieare U0 e Continuged,
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268.500 in —————bm

i VERTICAL TAIL, V¢

vigure J. o= rtinued.
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THEORETICAL
LERDING EOGE

106"

RN

GO

Q
¥
Q
T
U
(L
2
g
V)
g
q,

xX,/c ~

NOTE: () DENOTES LOWER

SURFACE

[ x/c &AsEL on
L OCAL CHORD

213 [@!1)

299

212 {410 |

7 ~ PER CENT SEMI- SPAN

s. Wing Pressure Tap Locations for Righthand Winpg Panel

fprure 2. - Conceluded.,

ORIGINAL PAGE 18
OF POOR QUALITY
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() Front view of second stage (ORB's off)

Figure 3. = Continued.
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DATA FIGURES

Wing Pressure Data
(For Force Data - See Volume I)
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